BRL-TR-3244 


RLE  COPY 


TECHNICAL  REPORT  BRL-TR-3244 

BRL 


A  METHOD  FOR  EXTRACTING 
THE  SABOT  DISCARD  IMPULSE 
FROM  TRANSITIONAL  BALLISTIC  DATA 


PETER  PLOSTINS 


JUNE  1991 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  IS  UNLIMITED. 


U.S.  ARMY  LABORATORY  COMMAND 

BALLISTIC  RESEARCH  LABORATORY 
ABERDEEN  PROVING  GROUND,  MARYLAND 


NOTICES 


Destroy  this  report  when  it  is  no  longer  needed.  DO  NOT  return  it  to  the  originator. 


Additional  copies  of  this  report  may  be  obtained  from  the  National  Technical  Information  Service, 
U.S.  Department  of  Commerce,  5285  Port  Royal  Road,  Springfield,  VA  22161 . 


The  findings  of  this  report  are  not  to  be  construed  as  an  official  Department  of  the  Army  position, 
unless  so  designated  by  other  authorized  documents. 


The  use  of  trade  names  or  manufacturers’  names  in  this  report  does  not  constitute  indorsement 
of  any  commercial  product. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0183 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information  Send  comments  regarding  this  burden  estimate  or  any  Other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  tor  information  Operations  and  Reports,  12  15  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  V A  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0 188),  Washington,  DC  20503 


1.  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

June  91  Final  Jan  90  -  Dec  90 


4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS 

A  Method  for  Extracting  the  Sabot  Discard 

Impulse  From  Transitional  Ballistic  Data  , T,- 


6.  AUTHOR(S) 

Peter  Plostins 


1L162618AH80 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

US  Army  Ballistic  Research  Laboratory 
ATTN :  SLCBR-LF-F 

Aberdeen  Proving  Ground,  MD  21005-5066 


8.  PERFORMING  ORGANIZATION 
REPORT  NUM8ER 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  AOORESS(ES) 

US  Army  Ballistic  Research  Laboratory 
ATTN :  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-5066 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 

BRL-TR-3244 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 

Approved  for  public  release; 
distribution  is  unlimited. 


12b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (Maximum  200  words) 


A  model  is  proposed  describing  the  linear  and  angular  motion  of  a 
kinetic  energy  penetrator  during  the  sabot  discard.  It  is  based  on  the  equations 
governing  the  planar  free-flight  motion  of  a  symmetric  missile  with  an  added 
impulsive  loading.  The  model  is  incorporated  into  a  non-linear  least-squares 
fitting  routine  that  is  used  to  fit  transitional  ballistic  data  and  extract  the 
magnitude,  direction,  and  duration  of  the  sabot  discard  disturbances.  Transi¬ 
tional  ballistic  data  for  a  120  mm  sabot/penetrator  projectile  is  fitted  and  the 
results  indicate  the  model  adequately  captured  the  basic  physics  of  the  impul¬ 
sive  sabot  discard  disturbances.  The  information  on  the  impulsive  discard 
forces  can  be  used  to  design  future  sabot/penetrator  launch  systems. 


14.  SUBJECT  TERMS 

kinetic  energy  projectiles;  sabots; 

KE  ammunition 

15.  NUMBER  OF  PAGES 

19 

jump;  sabot  discard 

16.  PRICE  COOE 

17.  SECURITY  CLASSIFICATION 

18.  SECURITY  CLASSIFICATION 

19.  SECURITY  CLASSIFICATION 

20.  LIMITATION  OF  ABSTRACT 

OF  REPORT 

OF  THIS  PAGE 

OF  ABSTRACT 

UNCLASSIFIED 

UNCLASSIFIED 

UNCLASSIFIED 

Same  as  Report 

NSN  7540-01-280-5500 


UNCLASSIFIED 


Standard  Form  298  {Rev  2-89) 

Prescribed  by  ANSI  Std  Z39-18 
298-102 


Intentionally  left  blank. 


n 


ACKNOWLEDGMENTS 


Hearty  appreciation  is  extended  to  Mr.  J.W.  Bradley  and  Mr.  John  Kietzman  for 
their  patient  efforts  in  debugging  this  application  of  the  non-linear  least-squares  fitting 
routine. 


iii 


Intentionally  left  blank. 


iv 


TABLE  OF  CONTENTS 


Acknowledgments . 

List  of  Figures . 

I.  Introduction . 

II.  Sabot  Discard  Force  and  Moment  Model 

III.  Discussion  of  the  Results . 

IV.  Conclusions . 

References  . 

Distribution  List  . 


Page 

iii 

vii 

1 

1 

4 

6 

13 

15 


v 


Intentionally  left  blank. 


vi 


LIST  OF  FIGURES 


Figure  Page 

1  Discard  Impulse  Force  and  Moment  Model  and  Coordinate  System  .  7 

2  Assumed  Impulse  Function  .  7 

3  Predicted  Yawing  Motion:  25mm  Kinetic  Energy  Penetrator .  8 

4  Predicted  Swerve  Trajectory:  25mm  Kinetic  Energy  Penetrator  .  8 

5a  Vertical  X-Ray  Image:  Station  #1  .  9 

5b  Vertical  X-Ray  Image:  Station  #2  .  9 

5c  Vertical  X-Ray  Image:  Station  #3 .  10 

5d  Vertical  X-Ray  Image:  Station  #4 .  10 

6  Fitted  Yawing  Motion:  120  mm  Training  Projectile .  11 

7  Fitted  Swerve  Trajectory:  120  mm  Training  Projectile .  11 


vii 


Intentionally  left  blank. 


I.  INTRODUCTION 


An  important  factor  determining  the  launch  precision  of  a  long-rod  penetrator  is  the 
mechanical  and  aerodynamic  disengagement  of  the  sabot  petals  during  the  transitional  ballistic 
launch  phase.  For  certain  sabot/penetrator  systems,  as  much  as  one-third  of  the  jump  and  dis¬ 
persion  can  be  attributed  directly  to  the  mechanical  interaction.  As  long-rod  penetrators  increase 
in  length,  thus  requiring  longer  and  more  flexible  sabot  petals,  the  discard  interaction  is 
amplified.  The  mechanical  disengagement  point  moves  away  from  the  penetrator  center  of 
gravity,  increasing  the  magnitude  of  asymmetric  angular  disturbances.  The  longer  rear  sabot 
ramps  are  flexible  structural  members  and  bend  significantly  prior  to  lift-off.  Mechanical 
damage  to  the  sabot  petals  has  been  observed  and  in  radical  cases  sabot  rear  ramps  have  broken 
during  the  discard  phase.  Bending  of  the  rear  sabot  ramp  is  evident  in  the  photographic  data 
presented  in  Reference  (1).  Aerodynamic  disturbances  generally  are  observed  when  asymmetric 
shock  waves  from  the  blunt  sabot  petals  pass  over  the  penetrator  fins.  Reference  (2)  presents 
evidence  of  the  aerodynamic  interaction. 

An  understanding  of  the  qualitative  and  quantitative  aspects  of  the  sabot  disengagement 
phenomenon  is  required  in  order  to  improve  the  launch  dynamics  and  dynamic  structural  design 
of  sabot  petals.  Transitional  ballistic  yaw  and  trajectory  data  can  be  obtained  by  techniques 
described  in  Reference  (3).  These  data  contain  the  effects  of  the  mechanical  and  aerodynamic 
disturbances;  in  other  words,  the  yaw  and  trajectory  measured  are  the  result  of  the  net  applied 
forces  during  the  sabot  discard.  A  simple  model  for  the  sabot  discard  force  and  moment  system 
is  proposed  in  this  paper.  A  procedure  for  fitting  differential  equations,  which  is  presented  in 
Reference  (4),  is  utilized  to  fit  the  data  based  on  the  proposed  model.  From  the  fit,  the 
amplitude,  duration,  and  direction  of  the  discard  loading  can  be  extracted. 


II.  SABOT  DISCARD  FORCE  AND  MOMENT  MODEL 


The  sabot  discard  is  a  very  complex  phenomenon  because  sabot  petals  are  mechanically 
and  aerodynamically  separating  from  the  penetrator.  As  the  sabot/penetrator  assembly  exits  the 
gun  tube,  there  are  mechanical  decoupling  forces  between  the  gun  and  sabot,  pressure  loadings 
due  to  the  reverse  flow  of  the  muzzle  blast  gases,  and  initial  asymmetric  lift-off  of  the  petals 
due  to  residua]  elastic  strain  energy  deposited  during  the  inbore  balloting  motion.  In  the  latter 
part  of  the  transitional  ballistic  cycle,  mechanical  loads  are  generated  as  the  sabots  pivot  on  the 
penetrator  body,  and  finally,  hypersonic  pressure  and  shock  loads  disturb  the  penetrator  as  the 
sabot  petals  fly  in  aerodynamic  contact  with  the  penetrator.  This  complex  set  of  events  occurs 
during  the  launch  of  a  kinetic  energy  penetrator  and  usually  causes  the  penetrator  to  alter  its 
angular  motion  and  center  of  gravity  motion  from  the  motion  it  had  at  the  muzzle  of  the  gun, 
see  References  (1)  and  (3).  It  is  this  change  in  the  angular  and  linear  dynamics  of  the  penetrator 
that  contains  information  about  the  discard  loadings. 
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A  simple  model  can  mathematically  describe  the  essence  of  the  sabot  discard  phenomenon. 
The  discard  model  is  based  on  the  free  flight  equations  of  motion  for  the  penetrator  with  added 
terms  for  an  impulsive  loading.  The  model  assumes  that  the  penetrator  would  enter  free-flight 
at  the  muzzle  as  if  there  were  no  discard  disturbances  and  that  the  discard  forces,  whether 
mechanical  or  aerodynamic,  can  be  modeled  as  an  applied  impulse  occurring  at  some  point  in 
the  transitional  ballistic  cycle.  Muzzle  blast  disturbances  will  be  ignored  since  they  have  been 
shown  to  be  small  and  of  short  duration  for  most  high-velocity  penetrators,  see  Reference  (5). 
Since  most  penetrators  are  de-spun  in  rifled  tubes  or  launched  from  smoothbore  tubes,  it  is  as¬ 
sumed  in  the  model  that  penetrator  roll  is  sufficiently  small  that  the  motions  in  the  vertical  and 
horizontal  planes  are  decoupled.  With  the  latter  assumptions  it  is  only  necessary  to  model  the 
planar  motion  of  a  symmetric  missile. 

Consider  the  coordinate  system  along  with  the  force  and  moment  system  presented  in 
Figure  (1).  The  earth-fixed  inertial  axes  are  marked  with  the  subscript  "e"  and  the  body  fixed 
axes  are  not  subscripted.  The  body-fixed  axes  are  coincident  with  the  earth-fixed  axes  when  the 
flight  path  angle  0  is  zero.  The  missile  travels  along  a  flight  path  with  arc  length  s  and  the  ze 
earth-fixed  axis  is  aligned  with  and  positive  in  the  direction  of  the  gravity  vector,  g.  The  lift 
force,  L,  and  drag  force,  D,  are  defined  as  usual,  normal  to  and  along  the  velocity  vector,  V, 
respectively.  The  static  aerodynamic  moment,  M,  has  not  been  shown  in  Figure  (1)  for  clarity. 
The  impulsive  discard  force  components  Fx(s)  and  Fz(s)  are  applied  at  a  distance  aft  of  the 
penetrator  center  of  gravity  given  by  AXcg(s).  The  discard  forces  result  in  a  discard  moment 
M(s).  The  discard  force,  moment,  and  point  of  application  can  be  assumed  to  vary  along  the 
flight  path. 

For  the  purposes  of  this  paper  the  analysis  is  simplified  even  further;  it  is  assumed  that 
only  a  mechanical  disturbance  occurs  at  the  pivot  point  of  the  sabots  on  the  penetrator.  The 
pivot  point  is  also  assumed  to  be  a  constant  distance  aft  of  the  center  of  gravity.  The  addition 
of  an  aerodynamic  impulsive  disturbance  into  the  model  requires  a  straight-forward  extension 
of  the  equations.  A  second  impulsive  load  applied  at  a  different  location  on  the  penetrator  must 
be  added.  The  aerodynamic  impulsive  disturbance  has  been  purposely  omitted  in  this  paper  be¬ 
cause  including  the  extra  terms  only  serves  to  complicate  the  mathematics  and  does  not  add  to 
the  essential  features  of  the  model. 

The  equations  of  planar  motion  resulting  from  the  force  system  in  Figure  (1)  are  derived 
using  the  nomenclature,  procedures,  and  small-angle  assumptions  described  in  Reference  (6). 
The  equations  governing  the  yawing  motion,  the  swerving  motion  (  i.e.,  the  transverse  trajectory 
motion  ),  and  the  longitudinal  trajectory  motion  are  given  in  Equations  (1),  (2)  and  (3): 


—  Ha  —  Ma  = 


cm 


+  C*  ( s ) 


+  C*d  +  2C*(s)  + 


(la) 

(lb) 


2 


(lc) 


m  =  (^+c;W) 
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y  =  -Ci-  C*(s)  (3) 

The  gravity  term  has  been  ignored  because  it  is  negligible  during  the  sabot  discard  sequence. 
The  derivatives  in  the  equations  are  with  respect  to  the  flight  path  coordinate  s  and  all  of  the 
distances  are  normalized  by  the  penetrator  diameter.  The  forces  and  moments  are  in  standard 
aerodynamic  coefficient  form;  therefore,  the  forces  are  normalized  by  the  dynamic  pressure  and 
reference  area,  S,  (  the  penetrator  cross-sectional  area  )  and  the  moments  by  the  dynamic  pres¬ 
sure,  the  reference  area,  S,  and  the  penetrator  diameter,  d.  An  example  of  the  lift  coefficient 
and  the  static  moment  coefficient  is  presented  in  equations  (4)  and  (5). 


r 

L  ~  \Pv>s 


(4) 


±jMj 

M  I  pV2Sd 

where  a  starred  coefficient  is  defined  as: 


(5) 


The  additional  discard  force  and  moment  coefficients  clearly  stand  out  in  the  equations,  since 
they  are  functions  of  the  flight  path  coordinate  (  e.g.,Cz*(s)  ). 


The  objective  of  the  analysis  is  to  fit  the  above  differential  equation  model  to  the  data 
using  a  non-linear  least-squares  fitting  technique  presented  in  Reference  (4);  consequently  a 
functional  form  for  the  discard  loads  must  be  prescribed.  An  analytic  form  for  the  impulse 
function  was  chosen  to  avoid  infinite  derivatives.  The  chosen  functional  form  is  a  shifted  sine 
wave.  It  is  assumed  the  total  discard  force  is  applied  on  the  outer  surface  of  the  penetrator  at  an 
angle  rp  (  measured  positive  counterclockwise  )  at  the  sabot  pivot  point,  AXcg.  The  impulse 
starts  at  position  sj  on  the  flight  path,  has  a  path  or  discard  length  of  Ij  and  an  amplitude,  A. 
The  impulse  function,  the  impulse  force  components  and  moment  (  in  coefficient  form  )  can  be 
described  by  Equations  (6),  (7),  (8),  (9)  and  (10): 


c*w  =  JciW+c-w 


(6) 
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C*x(s)  =  c*(s)  cos  xf 

(7) 

C*z{s )  =  C*(s)  sint/> 

(8) 

cost />, 

C*M{s)  =  C\s){smxp&Xcg+  2  } 

(9) 

C*{s)  =  A{  l  +  sm27r(  ^  )  2) 

(10) 

C*(s )  is  valid  from  sj  to  s,-  where  s/  =  s,-  4-  Id 

All  of  the  lengths  in  the  equations  have  also  been  normalized  by  the  penetrator  diameter.  In  the 
governing  equations  the  rate  at  which  the  impulse  is  applied  also  appears.  The  impulsive  rate  is 
obtained  from  Equations  (6)  through  (10)  by  differentiating  with  respect  to  the  path  length. 
Note,  both  the  impulse  function  and  the  angle  of  application  vary  along  the  flight  path.  A  plot 
of  the  assumed  total  impulse  and  impulsive  rate  is  given  in  Figure  (2)  for  ip  =  jt/2. 

If  the  free-flight  aerodynamics  of  the  penetrator  are  known  or  can  be  estimated  then  the 
non-linear  fitting  routine  can  be  used  to  fit  the  governing  Equations  (1),  (2)  and  (3)  to  data 
containing  discard  disturbances  and  in  the  process  evaluate  the  unknowns  in  the  assumed  im¬ 
pulse  function.  The  procedure,  in  the  present  case,  would  return  values  for  the  amplitude,  A, 
the  initial  location  of  the  impulse,  s*,,  the  discard  length,  Ij,  the  initial  angle  of  application,  ipQ 
of  the  discard  force,  and  the  rate  of  change  of  the  angle  of  application,  t/>'(s). 


III.  DISCUSSION  OF  THE  RESULTS 


The  most  important  effect  of  sabot  discard  disturbances  is  the  deviation  of  the  penetrator 
from  its  intended  flight  path  and  the  increase  in  dispersion  resulting  from  the  deviation.  The 
sabots  also  decelerate  the  penetrator  while  they  are  still  mechanically  coupled;  however  this 
deceleration  only  slightly  reduces  the  subsequent  free-flight  velocity.  This  velocity  reduction  is 
not  considered  large  enough  to  significantly  affect  the  penetration  performance.  Therefore,  only 
the  transverse  effects  of  the  discard  impulse  will  be  retained  for  the  purposes  of  the  subsequent 
discussion. 

The  governing  equations,  (1)  through  (3),  can  be  integrated  numerically  for  an  arbitrary 
impulse  to  gain  insight  into  the  behavior  of  the  model.  Consider  applying  a  discard  impulse 
normal  to  a  penetrator,  at  the  sabot  pivot  point,  at  a  constant  angle  (  ip  =  ir/2  )  to  a  25mm 
penetrator  such  as  discussed  in  Reference  (7).  The  impulse  starts  at  2.0  metres,  ends  at  3.0 
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metres  for  a  discard  length  of  1.0  metre  and  its  shape  and  magnitude  are  given  in  Figure  (2). 
The  resultant  yawing  motion  is  presented  in  Figure  (3).  The  solid  line  is  the  yawing  motion  that 
would  have  resulted  had  the  projectile  entered  free  flight  at  the  muzzle  without  any  distur¬ 
bances.  The  dashed  line  is  the  yawing  motion  subsequent  to  the  sabot  discard  impulse.  A  rather 
large  impulse  was  applied  but  it  serves  to  illustrate  the  effects  clearly.  The  first  maximum  yaw 
has  increased  from  approximately  3.5  degrees  to  12  degrees  and  the  location  of  the  maximum 
yaw  point  has  shifted  downrange.  The  increase  in  first  maximum  yaw  is  directly  proportional  to 
the  increase  in  the  aerodynamic  jump. 

The  force  that  caused  this  increase  in  yaw  was  applied  aft  of  the  center  of  gravity  and  in 
the  given  coordinate  system  is  in  the  positive  z  direction.  Figure  (4)  presents  a  similar  com¬ 
parison  of  the  two  swerve  trajectories.  The  solid  line  is  the  swerve  predicted  if  the  penetrator 
enters  free  flight  at  the  muzzle  and  the  dashed  curve  is  the  swerve  trajectory  subsequent  to  the 
application  of  the  discard  impulse.  Since  the  velocity  vector  is  tangent  to  the  swerve  trajectory, 
the  impulsive  load  has  altered  the  direction  of  the  penetrator  center  of  gravity  prior  to  free 
flight.  This  is  the  sabot  discard  jump  discussed  in  References  (3)  and  (7). 

The  latter  predictions  were  for  a  mechanical  sabot  discard  impulse  applied  normal  to  the 
penetrator  axis.  Data  were  acquired  for  a  sabot/penetrator  projectile  such  as  the  120  mm  cone- 
stabilized  training  projectile  discussed  in  Reference  (3).  The  data  indicated  that  the  largest  sabot 
discard  disturbance  was  from  the  mechanical  disengagement  of  the  sabot  components.  Figures 
(5a)  through  (5d)  are  a  series  of  vertical  x-ray  images  at  stations  one  through  four,  respectively. 
The  sabots  mechanically  disengage  approximately  6  metres  downrange  of  the  muzzle,  at  the 
third  x-ray  station.  By  station  four  the  sabots  are  almost  out  of  aerodynamic  contact  with  the 
penetrator  and  beyond  this  point  the  penetrator  is  in  free-flight. 

The  governing  equations  were  coded  into  the  form  required  by  the  non-linear  least- 
squares  fitting  routine,  the  data  fitted  and  the  yawing  motion  results  are  presented  in  Figure  (6). 
The  muzzle  of  the  gun  is  located  at  -39.0  metres  because  the  first  spark  shadowgraph  station  of 
the  U.  S.  Army  Transonic  Range  Facility  is  designated  as  the  zero  point.  As  in  the  previous 
predictions,  the  solid  curve  represents  the  yawing  motion  resulting  from  the  yaw  rate  measured 
at  the  muzzle.  The  dashed  curve  is  the  non-linear  least-squares  fit  of  the  equation  with  the  as¬ 
sumed  impulse  function.  The  square  symbols  represent  the  x-ray  data  and  the  circular  symbols 
represent  the  free-flight  yaw  measurements  made  in  the  first  group  of  spark  shadowgraphs.  The 
dotted  line  is  the  yaw  fit  to  the  free-flight  yaw  data  using  the  techniques  described  in 
Reference  (6).  Clearly  the  non-linear  least-  squares  fit,  based  on  the  impulsive  discard  model 
proposed,  captures  the  yawing  motion  at  the  muzzle  and  compares  well  with  the  free-flight  mo¬ 
tion  and  data  measured  independently  of  the  x-ray  data.  The  model  fitted  to  this  data  assumed 
an  arbitrary  disturbance  at  an  arbitrary  location.  The  fit  found  the  disturbance  to  occur  near  the 
third  data  point  or  at  the  third  x-ray  station.  It  is  concluded  that  this  disturbance  is  largely  due 
to  the  mechanical  sabot  disengagement  at  that  point,  which  can  be  identified  as  station  three  in 
the  photographic  data  of  Figure  (5c).  The  sabots  are  still  in  aerodynamic  contact  until  station 
four  and  are  just  over  the  fins  at  that  location.  Since  the  last  two  x-ray  data  points  are  free- 
flight  data  and  are  consistent  with  the  Transonic  Range  free-flight  data,  it  appears  that  the 
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aerodynamic  discard  disturbance  was  small  relative  to  the  mechanical  disengagement  distur¬ 
bance. 

The  swerving  motion  results  are  plotted  in  the  Transonic  Range  coordinate  system  in 
Figure  (7),  where  the  non-linear  impulsive  fit,  given  by  the  dashed  line,  compares  very 
favorably  with  the  x-ray  data  represented  by  the  square  symbols.  The  dotted  line  and  circular 
symbols  represent  the  Transonic  Range  free-flight  swerve  fit  and  data  respectively.  The  solid 
line  is  almost  identical  in  shape  to  the  dashed  line  but  it  is  displaced  in  the  positive  ze  direction. 
The  fact  that  the  curves  are  not  coincident  is  probably  due  to  a  slight  error  in  the  meshing  of 
the  x-ray  fiducial  survey  into  the  Transonic  Range  coordinate  system  resulting  in  an  apparent 
displacement  of  the  x-ray  data  in  the  positive  zft  direction. 

The  non-linear  least-squares  fit  returns  values  for  the  parameters  A,  Sj  and  Ij  in  Equation 
(10).  The  fit  was  made  with  *  x/2  so  Cz*(s)  is  computed  from  Equation  (8)  and  the  discard 
force  for  this  case  is  obtained  by  evaluating  Equation  (11): 

f=w  =  <S}c;(s)^v'2s 

where  m  is  the  penetrator  mass,  p  is  the  atmospheric  density,  S  is  the  reference  area,  d  the 
penetrator  diameter  and  V  the  flight  velocity.  The  peak  force,  average  force,  and  impulse  can 
be  computed  by  the  proper  mathematical  manipulation  of  Equation  (11). 


IV.  CONCLUSIONS 


A  model  based  on  the  planar  free-flight  motion  of  a  symmetric  missile  that  incorporates 
an  impulsive  sabot  discard  load  has  been  proposed.  The  model  can  be  used  to  predict  the  effects 
of  a  transitional  ballistic  impulsive  load  on  a  sabot/penetrator  launch  or  it  can  be  incorporated 
into  a  non-linear  least-squares  fitting  routine  to  extract  impulsive  loads  from  transitional  ballis¬ 
tic  data.  The  model,  though  simple,  has  been  shown  to  adequately  capture  the  basic  mechanics 
of  sabot  discard  disturbances  and  to  provide  reasonably  good  fits  of  transitional  ballistic  data. 
The  discard  loads  derived  from  the  data  fits  can  be  used  to  aid  in  the  design  of  future  sabot 
components  and  kinetic  energy  penetrators. 
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Figure  (2)  Assumed  Impulse  Function 
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Figure  (3)  Predicted  Yawing  Motion:  25mm  Kinetic  Energy  Penetrator 
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Figure  (4)  Predicted  Swerve  trajectory:  25mm  Kinetic  Energy  Penetrator 
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Figure  (5b)  Vertical  X-Ray  Image:  Station  #2 


Figure  (5c)  Vertical  X-Ray  Image:  Station  #3 


Figure  (5d)  Vertical  X-Ray  Image:  Station  #4 


Figure  (7)  Fitted  Swerve  Trajectory:  120  mm  Training  Projectile 


Intentionally  left  blank. 
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